abstract BACKGROUND: Rheumatic heart disease (RHD) remains a major public health concern in developing countries, and routine screening has the potential to improve outcomes. Standard portable echocardiography (STAND) is far more sensitive than auscultation for the detection of RHD but remains cost-prohibitive in resource-limited settings. Handheld echocardiography (HAND) is a lower-cost alternative. The purpose of this study was to assess the incremental value of HAND over auscultation to identify RHD.
WHAT'S KNOWN ON THIS SUBJECT:
Handheld echocardiography is a more portable and lowercost alternative to standard echocardiography for rheumatic heart disease screening. Direct comparison of handheld echocardiography and auscultation for the detection of rheumatic heart disease has not been done previously.
WHAT THIS STUDY ADDS:
Handheld echocardiography significantly improves detection of rheumatic heart disease compared with auscultation alone and may be a costeffective screening strategy in developing countries. Rheumatic heart disease (RHD) remains a major public health concern in the developing world, despite its near eradication in industrialized countries. [1] [2] [3] [4] [5] It results in significant morbidity and mortality, particularly in adolescents and young adults. 1, 3, 5, 6 RHD is endemic in subSaharan Africa, and it is estimated that .1 million children are affected. 2 The prevalence of RHD in this region varies between 6.5 to 30 per 1000 7, 8 ; however, given the challenges associated with large-scale screening and varying methods used for the diagnosis of RHD, the true prevalence remains unknown. Early identification of RHD is of paramount importance because secondary prevention with monthly penicillin injections has been shown to be an effective method of preventing disease progression. 2, 9 Historically, auscultation has been the mainstay for the diagnosis of RHD in developing countries 10, 11 ; however, recent echocardiography-based screening programs have shown a high prevalence of subclinical RHD that remains undetected by clinical examination alone. 2, [12] [13] [14] This has prompted the development of echocardiographic diagnostic criteria to standardize the diagnosis of subclinical RHD. 15 These criteria are meant for use in endemic populations for individuals without a history of rheumatic fever.
Standard portable echocardiography (STAND) is a highly sensitive method for RHD screening 2, 11, 13, 14, 16 ; however, it remains cost-prohibitive in resource-limited settings, which has prevented the implementation of widespread RHD screening with echocardiography in endemic areas. Handheld echocardiography (HAND) is a highly portable and less costly alternative to STAND that has the potential to expand access to echocardiography-based RHD screening in developing countries. 17 The aim of this study was to determine the incremental value of HAND over auscultation to identify RHD.
METHODS

Study Population
This observational cross-sectional study included children between the ages of 5 and 17 years who attended 5 different schools in Gulu, Uganda. The prevalence of RHD in this region of Africa is unknown. No children included in the study had a history of rheumatic fever or known RHD before screening. There were no exclusion criteria. Each headmaster and/or school counsel consented to school participation. Parents of minors provided informed consent along with informed assent for individuals .8 years old. Adolescents .15 years old provided written informed consent, as is customary in Uganda. This study was approved by the institutional review boards at the University of Michigan, Children's National Medical Center, and Makerere University.
All subjects underwent a focused STAND examination. A random subset (10%) was preselected by a unique identification number to undergo HAND and auscultation. In addition, any subject with detectable mitral or aortic stenosis or regurgitation was referred for HAND and auscultation. The current study focuses on this subset who underwent both HAND and auscultation. All STAND studies in children who underwent HAND and auscultation were blindly reviewed by experienced cardiologists using the 2012 World Heart Federation (WHF) criteria. 15, 17 These criteria define borderline and definite RHD on the basis of aortic and mitral valve morphology as well as the presence of regurgitation or stenosis (Tables 2 and 3) . A second reader confirmed any study with borderline or definite RHD, with any disagreements adjudicated by a third reader. HAND studies were interpreted by the same cardiologists using modified 2012 WHF criteria (Fig 1) . Because HAND lacks spectral Doppler capability, pathologic valve regurgitation was defined on the basis of the regurgitation jet length, its presence in 2 views, and presence in consecutive frames (as a surrogate for pan-systolic or pan-diastolic regurgitation) ( Table 3 ). All physicians performing or interpreting HAND were blinded to STAND findings.
Auscultation
Auscultation was performed under typical screening conditions by 
RESULTS
A total of 4773 children underwent screening with STAND. Definite RHD was present in 52 children (1.1%), borderline in 140 children (2.9%), and 37 children (0.8%) had other findings on STAND (congenital heart disease, cardiomyopathy, or arrhythmia).
A subgroup of 1317 children (46% boys, 10.8 6 2.6 years) underwent both HAND and auscultation. In this subgroup, 45 (3.4%) children met criteria for definite RHD, 126 (9.6%) had borderline RHD, and 1146 (87%) had normal findings on STAND ( Table 4) . Because of a busy screening environment, 21 children with borderline (n = 14) or definite (n = 7) RHD by STAND failed to undergo either HAND or auscultation and were excluded from analysis. Children with a STAND diagnosis of "other" were also excluded.
Detection of RHD
Auscultation had poor sensitivity for RHD (whether borderline or definite), whereas HAND had markedly higher sensitivity (Table 5 ). Specificity for RHD was similar between auscultation and HAND. Based on the prevalence of RHD (1.1% definite, 4.0% borderline or definite) in the overall, nonselected cohort, 123 children would require HAND screening to diagnose 1 additional case of definite RHD and 41 children would require screening to detect 1 additional case of borderline or definite RHD by using HAND compared with auscultation.
Detection of Mitral or Aortic Regurgitation
With the use of STAND, 126 (9.6%) children had pathologic mitral and 22 (1.7%) children had pathologic aortic regurgitation. Auscultation had poor sensitivity for both pathologic mitral and aortic regurgitation (Table 5) . HAND had higher sensitivity than auscultation for both pathologic aortic and mitral regurgitation, but sensitivity remained suboptimal for the detection of pathologic mitral regurgitation. Specificity for pathologic mitral or aortic regurgitation was similar between auscultation and HAND.
Detection of Mitral or Aortic Stenosis
Mitral stenosis was present in 5 children. Auscultation failed to identify any cases of mitral stenosis; however, HAND correctly identified 3 of 5 cases (sensitivity of 60%). There were no cases of aortic stenosis. Auscultation incorrectly documented aortic stenosis in 2 children, both of whom had normal STAND examinations. No cases of aortic stenosis were identified by HAND.
Impact of Disease Prevalence
A sensitivity analysis was performed to determine the impact of disease prevalence on the positive predictive value (PPV) of both auscultation and HAND to diagnose definite RHD. HAND demonstrates superior PPV compared with auscultation, with improved PPV in high-prevalence environments. With a 1% prevalence of definite RHD, HAND yields a PPV of 7.2%, whereas the PPV for auscultation is 2.5%. At a prevalence of 2%, the PPV of HAND is 13.6% and for auscultation is 4.9%. The negative predictive value of HAND for definite RHD was excellent (.99%) regardless of disease prevalence.
DISCUSSION
Auscultation alone has poor sensitivity for the detection of RHD. HAND significantly improves sensitivity, approaching that of standard echocardiography. To our knowledge, this is the first study to directly compare HAND with auscultation in the setting of largescale RHD screening.
The poor sensitivity of auscultation in the current study is similar to previous large-scale RHD screening studies. A study performed in Tonga found that 54% of children with pathologic findings (definite RHD, borderline RHD, or congenital heart disease) on echocardiography were not classified as having a pathologic murmur on physical examination. 16 Similarly, a study in Cambodia and Mozambique including .5000 children found that auscultation failed to detect .90% of RHD that was detected by echocardiography. 14 Screening programs relying on auscultation alone will miss a significant number of affected individuals, limiting opportunities for intervention and possible prevention of disease progression. This study reinforces the World Health Organization recommendations that support the use of echocardiography for detection of RHD in endemic areas. 1, 17 Unfortunately, access to echocardiography-based screening is limited in the developing world, particularly in resource-poor settings, which often have the highest prevalence of RHD. HAND is highly portable, is a fraction of the cost of STAND, and was shown in the current study to significantly improve detection of RHD over auscultation alone. These findings are comparable to previous studies, which have shown that HAND used in conjunction with physical examination improves the detection of cardiovascular pathology. [18] [19] [20] This remains true even when auscultation is performed by experienced cardiologists. 18, 20 The ability of auscultation to detect pathology is likely to be even worse when performed by noncardiologists in a busy screening environment. Thus, HAND appears to be a reasonable approach to RHD screening in endemic populations, with distinct advantages over auscultation. However, the specificity of HAND in this study was less than ideal, with the potential for false-positive results.
To limit the erroneous identification and inappropriate treatment of RHD, positive screening should be confirmed with a full evaluation, including a more detailed echocardiogram. However, one must also consider the potential that falsepositive screenings could impose an additional stress on a health system with already limited resources.
In addition to the detection of definite RHD, HAND markedly increased the detection of borderline RHD compared with auscultation. Although the significance of detecting borderline disease is unclear, a previous study with a 2-year followup in Ugandan schoolchildren demonstrated that ∼10% of these cases progress to definite RHD. 21 The implications of early RHD identification and the possible utility of penicillin prophylaxis on disease progression remain to be explored.
This study has several limitations. STAND studies interpreted as normal were not confirmed by a second reader; the use of multiple readers was not feasible due to the number of echocardiograms and would be unlikely to significantly change results because of the low prevalence of disease. The yield of auscultation depends on factors such as expertise and environment 
